Introduction
-Benzopyrone derivatives constitute an important class of oxygenated heterocycles [1] . Many compounds containing the benzopyrone nucleus, both naturally occurring and synthetic, are known to exhibit pharmacological activity such as antifungal [2] [3] [4] , antibacterial [5] , anti-mycobacterial [6, 7] , anticoagulants [8, 9] , inhibitors of some enzymes [10, 11] , and antitumor [12] [13] [14] . With the expectations to find biological activity, we decided to investigate the synthesis of some novel systems of -benzopyrone derivatives bearing fused and isolated moiety. Recently, the synthesis [15] , photochemical [16] and theoretical [1, 2, 17] properties of -benzopyrone derivatives were investigated.
The aim of the present paper is to investigate an efficient synthesis of coumarin derivatives containing active methyl and cyano groups and study their cyclocondensation reactions with ethyl acetate, ethyl cyanoacetate, hydroxylamine hydrochloride, urea, and with hydrazine carbodithioic acid. The condensations of 4-methyl group of coumarin derivatives with Vilsmier reagents at different conditions and with DMF-DMA were also studied.
The antimicrobial activities for the prepared compounds were investigated. Also, semi-empirical AM1 and Ab Initio (STO-3G) molecular orbital calculations for the new compounds were performed and compared with their experimental data.
Experimental

Instrumentation
The uncorrected melting point was determined in an open capillary tube on a digital Stuart SMP-3 apparatus. 1 H NMR/ 13 C NMR spectra were obtained on a 300 MHz/75.46 MHz Varian Mercury VX-300 NMR spectrometer in DMSO-d6 with tetramethylsilane as an internal standard. Elemental analyses were performed on Vario El Elementar apparatus. IR spectra were recorded on FTIR Nicolet IS10 spectrophotometer (cm -1 ), using KBr disks. Mass spectra recorded on a Gas Chromatographic GCMSqp 1000 ex Shimadzu instrument at 70 eV.
The chemicals were purchased from the suppliers as the highest purity grade. The theoretical data which were obtained from molecular mechanical calculations on the basis of the semi-empirical AM1 
Synthesis
4,6,8-Trimethyl-2-oxo-2H-chromene-3-carbonitrile (2)
Sodium metal (2 g, 8.6 mmol) was added in small portion to a solution of 3,5-dimethyl-2-hydroxyacetophenone (1) (4 g, 2.4 mmol) in ethyl cyanoacetate (30 cm 3 ). The reaction mixture was heated on water-bath for 3 h, and then cooled to room temperature, treated with ethanol (10 cm 3 ) and refluxed for 1 h. The solid obtained was filtered, and crystallized from ethanol to give (2) 
Sodium salt of 7-amino-9-hydroxy-2,4-dimethyl-6-oxo-6H-benzo[c]chromene-8-carbonitrile (4)
A solution of compound (2) (2 g, 0.93 mmol) in ethoxide (0.8 g sodium, 40 cm 3 absolute ethanol), and then ethyl cyanoacetate (9 cm 3 ) was added and the mixture was refluxed on water-bath for 3 h, cooled to room temperature. The solid obtained was filtered, and crystallized from ethanol to give (4) as white crystals (Scheme 1 
4,6,8-Trimethyl-2-oxo-2H-chromene-3-carboxylic acid (6)
A solution of compound (2) (0.5 g, 0.23 mmol) in ethanol (2 cm 3 ), sodium hydroxide solution (0.09 g sodium hydroxide, 2 cm 3 water) was added and the mixture was refluxed for 2 h, cooled to room temperature. The solid obtained was filtered, and crystallized from ethanol to give (6) 
4-(Chloro(formyl)methyl-6,8-dimethyl-2-oxo-2H-chromene-3-carbonitrile (7)
Phosphorusoxy chloride (2.4 cm 3 ) was added dropwise to DMF (6 cm 3 ) with stirring at 30-35 °C, after the addition was completed, the solution was stirred at 50-60 °C for 30 min. A solution of compound (2) (1 g, 0.46 mmol) in dry pyridine (6 cm 3 ) was added to the above mixture dropwise at 30-35 °C and after the addition was completed, the mixture was stirred at 50-60 °C for 3 h, cooled to room temperature. The mixture was poured over cold water. The solid obtained was filtered, and crystallized from DMF to give (7) 
4-((E)-2-(Dimethylamino)vinyl)-6,8-dimethyl-2-oxo-2H-chromene-3-carbonitrile (8)
Method A: A solution of compound (2) (0.5 g, 0.23 mmol) in dry xylene (10 cm 3 ), and then DMF-DMA (0.35 cm 3 , 0.29 mmol) was added and the mixture was refluxed for 0.5 h, cooled to room temperature. The solid obtained was filtered, and crystallized from DMF to give (8) Method B: A mixture of DMF (5 cm 3 ), phosphorusoxy chloride (0.5 cm 3 ) and a solution of compound (2) (0.5 g, 0.23 mmol) in dry pyridine (6 cm 3 ) was stirred at 70-80 °C for 3 h, cooled to room temperature. The mixture was poured over cold water and neutralized with sodium carbonate solution. The solid obtained was filtered, and crystallized from DMF to give (8) as green crystals, M.p.: 272 °C. Yield: 60%.
3,4-Dihydro-3-hydroxy-4-imino-7,9-dimethylchromeno [3,4-c]pyridin-5-one (9)
A mixture of compound (8) 
4-Imino-7,9-dimethyl-5-oxo-4H-chromeno[3,4-c] pyridine-3(5H)-carboxamide (10)
3-Amino-3,4-dihydro-4-imino-7,9-dimethylchromeno [3,4-c]pyridin-5-one (11)
Results and discussion
Chemistry
The Claisen condensation of 2-hydroxyacetophenone derivatives with ethyl acetate in the presence of sodium metal gave β-dicarbonyl compound derivatives which were cyclized under the effect of concentrated sulfuric acid to give 2-methylchromone derivatives [17] .
In our recent work [2] , we described the Claisen condensation of 3,5-dichloro-2-hydroxyacetophenone and unsubstituted 2-hydroxyacetophenone with ethyl cyanoacetate in the presence of sodium metal gave 7-amino-2,4-dichloro-9-hydroxy-6-oxo-6H-benzo[c]chromene-8-carbonitrile and a mixture of 4-methyl-2-oxo-2H-chromene-3-carbonitrile and 7-amino-9-hydroxy-6-oxo-6H-benzo[c]chromene-8-carbonitrile, respectively.
The present work describes the Claisen condensation of 3,5-dimethyl-2-hydroxyacetophenone with ethyl cyanoacetate in the presence of sodium metal to give 4,6,8-trimethyl-2-oxo-2H-chromene-3-carbonitrile (2) (Scheme 1). The presence of cyano group in a position 3 activates the methyl group in a position 4 of compound (2) which facilitates the cyclocondensation reactions with ester derivatives containing active methylene group, so the reaction of compound (2) with ethyl acetate or with ethyl cyanoacetate in the presence of ethoxide gave sodium salt of 7-amino-9-hydroxy-2,4-dimethyl-6H-benzo[c]chromen-6-one derivatives (3) and (4) respectively (Scheme 1). When the sodium salt of compound (3) was neutralized with 10% hydrochloric acid gave 7-amino-9-hydroxy-2,4-dimethyl-6H-benzo[c]chromen-6-one (5) (Scheme 1).
The formation of compounds 3a, 4a and 5a proceeded via Claisen condensation on active methyl group of compound (2) followed by nucleophilic cyclization (Scheme 2).
The hydrolysis of cyano group of 4,6,8-trimethyl-2-oxo-2H-chromene-3-carbonitrile (2) in ethanolic sodium hydroxide solution gave 4,6,8-trimethyl-2-oxo-2H-chromene-3-carboxylic acid (6) (Scheme 3). Also, the Vilsmier reaction of compound (2) in excess POCl3 gave 4-(chloro(formyl)methyl-6,8-dimethyl-2-oxo-2H-chromene-3-carbonitrile (7) (Scheme 3).
The presence of carbonyl group in a position 2 and cyano group in a position 3 of coumarin moiety facilitate the condensation reactions of 4-methyl group of coumarin, so the reaction of DMF-DMA with compound (2) in dry xylene gave 4-((E)-2-(dimethylamino)vinyl)-6,8-dimethyl-2-oxo-2H-chromene-3-carbonitrile (8) . Also, compound (8) was formed by condensation with dimethylformamide in the presence of POCl3 (Scheme 4). The compound (8) was formed in the form of E-isomer from 1 H NMR spectra which showed JCH=CH = 12.3 Hz at  = 5.71 and 8.45 ppm.
The cyclocondensation reactions of 4-((E)-2-(dimethyl amino)vinyl)-6,8-dimethyl-2-oxo-2H-chromene-3-carbonitrile (8) with primary amines in ethanol gave 4-imino-7,9-dimethylchromeno[3,4-c]pyridine derivatives. The cyclo condensation reactions of compound (8) with hydroxylamine hydrochloride, urea, and with hydrazinecarbodithioic acid gave 3,4-dihydro-3-hydroxy-4-imino-7,9-dimethylchromeno[3,4-c] pyridin-5-one (9), 4-imino-7,9-dimethyl-5-oxo-4H-chromeno [3,4-c]pyridine-3(5H)-carboxamide (10) (Scheme 5) and 3-amino-3,4-dihydro-4-imino-7,9-dimethylchromeno[3,4-c] pyridin-5-one (11) (Scheme 6) respectively. Also, the cyclocondensation reaction of compound (8) by acid hydrolysis of cyano group, followed by cyclization to give 7,9-dimethyl-3H-chromeno[3,4-c]pyridine-4,5-dione (12) (Scheme 6).
The formation of cyclocondensation products (9-11) proceeded via the nucleophilic replacement of NH2 group of amine derivatives to -N(CH3)2 group of compound 8 to give the intermediate products 13, which can be cyclised by nucleophilic addition of NH group to C≡N group (Scheme 7).
Molecular orbital calculations
The experimental IR frequencies of C=O groups of coumarin derivatives were compared with theoretical bond lengths of C=O groups which were obtained from molecular mechanical calculations on the basis of the semi-empirical AM1 and Ab Initio (STO-3G) methods of HyperChem 8.03 computer program after geometrical optimization of the structures for compounds (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (Table 1) . 
